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Objective: The discovery of telomere length (TL) as a biomarker of cellular aging and

correlate of age-related disease has generated a new field of research in the biology of
healthy aging. Although the most common method of sample collection for TL is venous
blood draw, less-invasive DNA collection methods are becoming more widely used.
However, how TL relates across tissues derived from these sample collection methods
is poorly understood. The current study is the first to characterize the associations in TL
across three sample collection methods: venous whole blood, finger prick dried blood
spot and saliva.
Methods: TL was measured in 24 healthy young adults using three modes of sample

collection for each participant: venous whole blood, finger prick dried blood spot and
saliva. Relative TL was measured using quantitative polymerase chain reaction.
Results: TL in finger prick dried blood spots (DBS) was highly correlated with TL in
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whole blood (r = 0.84, p < 0.001). Salivary TL was also correlated with whole blood TL
(r = 0.56, p = 0.005), but this association was not as strong as that of dried blood spot
TL (Steiger’s Z = 2.12, p = 0.034). TL was longer in saliva than in whole blood or DBS
(p’s < 0.001).
Conclusions: These findings have important implications for future study design by

supporting the validity of less-invasive methods that can be implemented with vulnerable
populations or in the field. Further, these findings aid in interpreting the burgeoning area
of biological aging research and may shed light on our understanding of inconsistencies
in the empirical literature.
Keywords: telomere length, dried blood spot, saliva, venous blood, cellular aging, concordance, qPCR

INTRODUCTION
Telomeres are repetitive DNA-protein structures that cap the ends of chromosomes and protect
DNA from degradation and damage (Armanios and Blackburn, 2012). Telomeres shorten with
each cell division, contributing to a net loss of telomere length (TL) across the lifespan (Armanios
and Blackburn, 2012). As a hallmark indicator of biological aging (López-Otín et al., 2013;
Kennedy et al., 2014), TL has provided researchers with critical insights into the origins of disease
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magnitude of the correlation and differences in relative TL
across saliva, finger prick DBS and venous whole blood
samples.

risk and longevity. Specifically, shorter TL in leukocytes predicts
the incidence and severity of cardiovascular disease, cancer
and mortality risk as well as longevity (Cawthon et al.,
2003; Epel et al., 2008; Willeit et al., 2011; Haycock et al.,
2014; Rode et al., 2015). Given that shortening of TL likely
plays an important role in disease etiology (Campisi and
d’Adda di Fagagna, 2007; Armanios and Blackburn, 2012),
it has become a widely investigated biomarker in research
concerning the biology of health. A variety of different DNA
sample collection methods are used across studies, limiting
the ability to make comparisons of telomere dynamics across
studies.
In humans, TL has been most extensively studied in
leukocytes or peripheral blood mononuclear cells (PBMCs) from
venous whole blood samples (see Epel et al., 2008; Willeit
et al., 2011; Blackburn et al., 2015). In addition to the ease of
obtaining large quantities of high-quality DNA, whole blood
collection for leukocyte or PBMC TL is often the preferred
method because they are linked to poor health outcomes, and
both reflect the replicative potential of the immune system as
well as effects of systemic factors on telomere maintenance
in other tissues (Blackburn et al., 2015). However, collecting
whole blood samples is labor intensive, expensive, and this
invasive procedure may not be feasible with sensitive populations
(e.g., infants, children) or in research settings where blood cannot
be processed immediately (e.g., in the field). For this reason,
less invasive DNA collection methods such as collection of dried
blood spots (DBS) and saliva samples have been implemented to
measure TL (Mitchell et al., 2014; Drury et al., 2015; Lapham
et al., 2015). Despite the expanding use of less invasive tissue
collection techniques, the relation between TL measured across
these sample collection methods is poorly understood and
the validity of measuring TL in DBS or saliva is not wellestablished.
To interpret and reconcile the expanding body of literature
that explores the clinical and biological significance of TL, it
is of increasing importance to characterize the relations among
different methods of DNA collection for TL measurement. Few
studies have explored whether TL in tissues collected using less
invasive methods is related to venous blood TL. Mitchell et al.
(2014) examined the associations between TL in saliva and whole
blood leukocytes among 16 adult volunteers. They found that
saliva TL and leukocyte TL were strongly positively correlated
(r = 0.72). Zanet et al. (2013) conducted a study characterizing
how different forms of collection, processing and storage of
specimen impacted TL. They report that TL of venous blood
stored as whole blood was highly correlated to the TL of that
same venous blood sample stored as DBS (r = 0.86). These
findings demonstrate that TL is minimally influenced by the
DBS storage method. However, they do not address the validity
of collecting DBS by finger prick for TL measurement. To our
knowledge, there are no studies that compare TL across these
three collection methods: venous whole blood, finger prick DBS
and saliva.
The current study addresses gaps in the literature by
measuring TL in three tissue samples collected from a
healthy, non-clinical population. We will characterize the
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MATERIALS AND METHODS
Participants
Participants included 24 healthy undergraduates (12 females)
from 18 to 20 years of age (M = 18.4) recruited from a small
University in Southern California. Participants were primarily
non-Hispanic white (n = 15) and included Latino/a (n = 6),
Asian (n = 2) and multi-ethnic (n = 1) individuals. This study
was carried out in accordance with the recommendations of
the Institutional Review Board of Chapman University with
written informed consent from all subjects. All subjects
gave written informed consent in accordance with the
Declaration of Helsinki. The protocol was approved by the
Institutional Review Board of Chapman University. Based
on a recent study (Mitchell et al., 2014), which found that
saliva TL and leukocyte TL were correlated at r = 0.72,
we determined that with a sample size of 24, we have
greater than 95% power to obtain a similar effect size when
α < 0.05.

Procedures
Participants completed a single laboratory visit in which a
phlebotomist collected venous whole blood, finger prick DBS
and saliva samples. Although buccal swabs are a common
non-invasive collection method, they were not assessed in the
current study because saliva samples yield higher quality DNA
than a buccal swab (Hansen et al., 2007; Rogers et al., 2007).

Venous Whole Blood DNA Collection
Whole blood was collected through venous draw into
heparinized tubes (5 ml). After inverting 30–40 times, 1 ml
was pipetted into five 1 ml screw cap tubes and immediately
stored at −80◦ C. Genomic DNA was purified from 200 µl of
whole blood using QIAamp DNA Blood Mini Kit (QIAGEN,
Hilden, Germany).
Dried Whole Blood Spot DNA Collection
Five blood spots were collected directly from fingertip prick
onto Whatman 903 Protein Saver Cards. The cards were left
to dry for a minimum of 4 h before being placed in a sealable
Whatman foil bag with desiccant and stored at −20◦ C. Genomic
DNA was purified from dried whole blood spots from six
3 mm diameter punches using QIAamp DNA Investigator Kit
(Cat#56504, QIAGEN, Hilden, Germany). The average yield
from spot samples was 59.1 ng (SD = 15.8 ng).
Saliva DNA Collection
A 2 mL sample of liquid saliva was obtained by participants
spitting into the Oragene saliva DNA collection kit (tj
Genotek Inc. Ottawa, ON, Canada) containing 1 mL of DNA
stabilizing liquid. The samples were stored at room temperature
until processing for DNA extraction. Genomic DNA was
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purified from 500 µl saliva using Agencourt DNAdvance
Genomic DNA Isolation kit (Beckman Coulter). The average
yield from saliva was 6.03 µg (SD = 1.42 µg). Although
buccal swabs are a common, less invasive DNA collection
method for TL measurement, only saliva TL was examined
in the current study because saliva collection has a higher
DNA yield and the quality of DNA obtained is superior
to that of buccal swab (Hansen et al., 2007; Rogers et al.,
2007).

7%, the sample was run the third time and the two closest
values were reported. The average CV is 2.1% for whole
blood DNA, 2.7% for saliva DNA and 6.6% for dried blood
spot DNA.

Statistical Analyses
We conducted Pearson correlations to assess the concordance
of T/S ratios across venous blood, saliva and DBS. We used
two-tailed Steiger’s z tests (Steiger, 1980; Lee and Preacher,
2013) to compare the strength of these associations across
collection methods. Differences in the T/S ratio between
collection methods were determined with a series of paired
t-tests.

Telomere Length Measurement by qPCR
Relative TL values for all biological samples were determined
using the monoplex quantitative polymerase chain reaction
(qPCR) method established by Cawthon (2002). This method
has been validated against the Southern blot method, which
measures absolute TL, as a precise assay for determining
TL within the same subject samples, with consistency across
laboratories (Aviv et al., 2011), and in large cohort studies
(Lapham et al., 2015). This method measures the ratio of the
telomere repeat copy number to the single-copy gene copy
number (T/S ratio) in the study sample as compared to reference
DNA samples. The primers for the telomere PCR are tel1b
[50 -CGGTTT(GTTTGG)5 GTT-30 ], used at a final concentration
of 100 nM and tel2b [50 -GGCTTG(CCTTAC)5 CCT-30 ],
used at a final concentration of 900 nM. The primers
for the single-copy gene (human beta-globin) PCR are
hbg1
[50
GCTTCTGACACAACTGTGTTCACTAGC-30 ],
used at a final concentration of 300 nM, and hbg2 [50 CACCAACTTCATCCACGTTCACC-30 ], used at a final
concentration of 700 nM. The final reaction mix contains 20 mM
Tris-HCl, pH 8.4; 50 mM KCl; 200 M each dNTP; 1% DMSO;
0.4× Syber Green I; 22 ng E.coli DNA; 0.4 Units of Platinum Taq
DNA polymerase (Invitrogen Inc.) per 11 microliter reaction;
1–10 ng of genomic DNA. Tubes containing 26, 8.75, 2.9, 0.97,
0.324 and 0.108 ng of a reference DNA (from Hela cancer
cells) were included in each PCR run so that the quantity of
targeted templates in each research sample can be determined
relative to the reference DNA sample by the standard curve
method. The same reference DNA was used for all PCR runs.
The telomere thermal cycling profile consists of: Cycling for T
(telomic) PCR: denature at 96◦ C for 1 min, 1 cycle; denature at
96◦ C for 1 s, anneal/extend at 54◦ C for 60 s, with fluorescence
data collection, 30 cycles. Cycling for S (single-copy-gene) PCR:
denature at 96◦ C for 1 min, 1 cycle; denature at 95◦ C for 15 s,
anneal at 58◦ C for 1 s, extend at 72◦ C for 20 s, eight cycles;
followed by denature at 96◦ C for 1 s, anneal at 58◦ C for 1 s,
extend at 72◦ C for 20 s, hold at 83◦ C for 5 s with data collection,
35 cycles.
To control for inter-assay variability, eight control DNA
samples were included in each run. In each batch, the T/S
ratio of each control DNA was divided by the average T/S
for the same DNA from 10 runs to get a normalizing
factor. This was done for all eight samples and the average
normalizing factor for all eight samples was used to correct
the participant DNA samples to get the final T/S ratio. The
T/S ratio for each sample was measured twice. When the
duplicate T/S value and the initial value varied by more than
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RESULTS
The associations between relative TL (T/S ratio) in venous blood,
dried whole blood spot and saliva can be seen in Figure 1.
DBS T/S and venous whole blood T/S were highly correlated
(r = 0.84, p < 0.001; R2 = 0.70; 95% CI: 0.65, 0.93). Salivary
T/S and venous whole blood T/S were also positively associated
(r = 0.56, p = 0.005; R2 = 0.31; 95% CI: 0.20, 0.78). In addition,
there was a positive association between salivary T/S and DBS
T/S (r = 0.45, p = 0.027; R2 = 0.20; 95% CI: 0.05, 0.72).
Steiger’s Z analyses revealed that the correlation between venous
whole blood and DBS T/S was stronger than the correlation
between venous blood and salivary T/S (Steiger’s z = 2.12,
p = 0.034), suggesting that finger prick DBS TL provides a
closer approximation of whole blood TL than does salivary
TL.
Figure 2 displays differences in TL across sampling methods.
The T/S ratio was higher in saliva than in venous whole blood
(t (23) = 11.72, p < 0.001; 95% CI: 0.43, 0.61) and DBS samples
(t (23) = 17.86, p < 0.001; 95% CI: 0.75, 0.95). The venous
whole blood T/S ratio was significantly higher than DBS T/S
(t (23) = −20.16, p < 0.001; 95% CI: −0.36, −0.30).

DISCUSSION
This study provides critical evidence regarding the concordance
of relative TL (i.e., T/S) across venous whole blood, finger
prick DBS and saliva in a healthy non-clinical sample. Our
findings suggest that relative TL in venous whole blood is
better approximated by DBS TL than by saliva TL. However,
relative TL was associated across all three sample collections,
demonstrating that T/S measurement in DBS and saliva are
appropriate, less-invasive alternatives to venous whole blood
collection.
We found that DBS TL was more closely associated with
venous whole blood TL than was TL in saliva. In contrast
to the study by Zanet et al. (2013), which tested the effect
of different storage methods on TL in the same venous
blood sample, the current study provides a direct comparison
between finger prick DBS TL and venous whole blood TL.
The fact that our correlation of r = 0.84 between finger prick
DBS TL and venous whole blood TL is comparable to the
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FIGURE 2 | TL (T/S) across three DNA collection methods. Solid lines indicate
mean T/S by collection type. Dotted lines indicate median by collection type.
∗∗∗
p < 0.001.

cells at varying proportions (Aps et al., 2002; Theall et al.,
2013).
We additionally evaluated whether the T/S ratio differed
across the three collection methods. We observed the longest
TL in saliva, consistent with prior work showing saliva TL to
be longer than that of whole blood (Mitchell et al., 2014). We
also observed shorter TL in finger prick DBS than in venous
whole blood, which is contrary to previous work showing DBS
TL to be longer than in saliva (Zanet et al., 2013). Because there
are several methodological differences between these two studies,
further studies would be required to elucidate this discrepancy.
Although differences in TL are expected given that the ratio
of leukocyte subtypes can differ between finger capillary and
venous blood samples (Yang et al., 2001), it is also plausible
that the observed differences in T/S across collection types may
be attributable to non-uniform residual impurities which can
differentially impact the qPCR reactions for the telomere and
single-copy-gene.
The current study indicates that finger prick DBS and saliva
can both be implemented effectively to measure TL, and are
therefore viable alternatives to invasive venous blood draws. Our
findings solidify the case for using finger prick DBS in research
specifically interested in leukocyte TL. DBS collection from finger
prick is minimally invasive, inexpensive, and robust to long-term
storage (Mas et al., 2007), and previous work demonstrates
that it is possible to successfully extract sufficient, high-quality
DNA from DBS for the purpose of TL measurement (Drury
et al., 2015). Further, by characterizing relations in TL across
these sample collection methods, the current study provides
information that is critical to interpreting the existing literature.
We collected specimens from a relatively homogenous sample
of healthy young adults, which limits our ability to assess how
clinical conditions or other individual differences might affect

FIGURE 1 | (A–C) Telomere length (TL) is associated across collection types.
(A) T/S in venous blood and dried blood spots (DBS) are correlated (r = 0.84,
p < 0.001). (B) T/S in saliva and venous blood are correlated (r = 0.56,
p = 0.005). (C) T/S in saliva and DBS are correlated (r = 0.45, p = 0.027).

r = 0.86 correlation between venous DBS TL and whole blood
TL described previously (Zanet et al., 2013) suggests two things.
First, finger prick DBS TL is a good approximation of venous
whole blood TL. Second, the variation between these sample
collection methods is largely attributable to differences in storage
method rather than collection site (venous vs. finger capillary).
We also showed that TL in saliva is positively associated
with TL in venous whole blood, which has been reported
previously (Mitchell et al., 2014). The associations across the
three sample collection methods are not surprising given the
cell populations within each sample type; TL measured in both
finger prick blood and venous blood is primarily derived from
leukocytes, and saliva contains both leukocytes and epithelial
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associations in relative TL across tissue types. For example, it
is possible that these relations in relative TL vary as a function
of disease risk (Blackburn et al., 2015), age (Frenck et al., 1998),
sex (Gardner et al., 2014) and race/ethnicity (Diez Roux et al.,
2009). However, this methodological decision also could be
viewed as a strength; we detected robust positive associations
in TL across the three tissue sample types despite this limited
variability, suggesting it is likely that greater variability would
increase the magnitude of these associations. Further, the current
study conducted in a young, healthy sample can be used to
contextualize future work with larger and more heterogeneous
samples.
Our study validates the widespread use of less invasive
peripheral measures of TL and supports finger prick DBS
and saliva collection for TL measurement. The current study
also addresses a crucial gap in the literature surrounding
concordance across sample collection methods, shedding light on
a burgeoning area of research that is elucidating the biological
mechanisms of aging.

AUTHOR CONTRIBUTIONS

REFERENCES

Danish nurse cohort: comparison of the response rate and quality of genomic
DNA. Cancer Epidemiol. Biomarkers Prev. 16, 2072–2076. doi: 10.1158/10559965.epi-07-0611
Haycock, P. C., Heydon, E. E., Kaptoge, S., Butterworth, A. S., Thompson, A.,
and Willeit, P. (2014). Leucocyte telomere length and risk of cardiovascular
disease: systematic review and meta-analysis. BMJ 349:g4227. doi: 10.1136/bmj.
g4227
Kennedy, B. K., Berger, S. L., Brunet, A., Campisi, J., Cuervo, A. M., Epel, E. S.,
et al. (2014). Geroscience: linking aging to chronic disease. Cell 159, 709–713.
doi: 10.1016/j.cell.2014.10.039
Lapham, K., Kvale, M. N., Lin, J., Connell, S., Croen, L. A., Dispensa, B. P., et al.
(2015). Automated assay of telomere length measurement and informatics
for 100,000 subjects in the genetic epidemiology research on adult health
and aging (GERA) cohort. Genetics 200, 1061–1072. doi: 10.1534/genetics.115.
178624
Lee, I. A., and Preacher, K. J. (2013). Calculation for the test of the
difference between two dependent correlations with one variable in common
[Computer Software]. Available online at: http://quantpsy.org/corrtest/
corrtest2.htm
López-Otín, C., Blasco, M. A., Partridge, L., Serrano, M., and Kroemer, G.
(2013). The hallmarks of aging. Cell 153, 1194–1217. doi: 10.1016/j.cell.2013.
05.039
Mas, S., Crescenti, A., Gassó, P., Vidal-Taboada, J. M., and Lafuente, A. (2007).
DNA cards: determinants of DNA yield and quality in collecting genetic
samples for pharmacogenetic studies. Basic Clin. Pharmacol. Toxicol. 101,
132–137. doi: 10.1111/j.1742-7843.2007.00089.x
Mitchell, C., Hobcraft, J., McLanahan, S. S., Siegel, S. R., Berg, A., BrooksGunn, J., et al. (2014). Social disadvantage, genetic sensitivity, and children’s
telomere length. Proc. Natl. Acad. Sci. U S A 111, 5944–5949. doi: 10.1073/pnas.
1404293111
Rode, L., Nordestgaard, B. G., and Bojesen, S. E. (2015). Peripheral blood
leukocyte telomere length and mortality among 64,637 individuals from
the general population. J. Natl. Cancer Inst. 107:djv074. doi: 10.1093/jnci
/djv074
Rogers, N. L., Cole, S. A., Lan, H.-C., Crossa, A., and Demerath, E. W. (2007). New
saliva DNA collection method compared to buccal cell collection techniques
for epidemiological studies. Am. J. Hum. Biol. 19, 319–326. doi: 10.1002/ajhb.
20586
Steiger, J. H. (1980). Tests for comparing elements of a correlation matrix. Psychol.
Bull. 87, 245–251. doi: 10.1037//0033-2909.87.2.245
Theall, K. P., McKasson, S., Mabile, E., Dunaway, L. F., and Drury, S. S. (2013).
Early hits and long-term consequences: tracking the lasting impact of prenatal

All authors contributed to writing. JL and NH contributed to
data collection and processing. SAS, NH and LMG contributed
to data analysis. JL, EPD, EB, JEC, LMG contributed to study
design.

FUNDING
This study was supported by National Institute of Mental
Health (NIMH) P50MH096889 awarded to EPD and LMG,
R01HD065823 awarded to EPD by National Institute of Child
Health and Human Development (NICHD), and internal grant
awarded to SAS and EPD by Knoebel Institute for Healthy Aging
of the University of Denver, Denver, CO, USA.

ACKNOWLEDGMENTS
We would like to thank all the participants.

Aps, J. K. M., Van den Maagdenberg, K., Delanghe, J. R., and Martens, L. C.
(2002). Flow cytometry as a new method to quantify the cellular content
of human saliva and its relation to gingivitis. Clin. Chim. Acta 321, 35–41.
doi: 10.1016/s0009-8981(02)00062-1
Armanios, M., and Blackburn, E. H. (2012). The telomere syndromes. Nat. Rev.
Genet. 13, 693–704. doi: 10.1038/nrg3246
Aviv, A., Hunt, S. C., Lin, J., Cao, X., Kimura, M., and Blackburn, E.
(2011). Impartial comparative analysis of measurement of leukocyte telomere
length/DNA content by Southern blots and qPCR. Nucleic Acids Res. 39:e134.
doi: 10.1093/nar/gkr634
Blackburn, E. H., Epel, E. S., and Lin, J. (2015). Human telomere biology: a
contributory and interactive factor in aging, disease risks, and protection.
Science 350, 1193–1198. doi: 10.1126/science.aab3389
Campisi, J., and d’Adda di Fagagna, F. (2007). Cellular senescence: when
bad things happen to good cells. Nat. Rev. Mol. Cell Biol. 8, 729–740.
doi: 10.1038/nrm2233
Cawthon, R. M. (2002). Telomere measurement by quantitative PCR. Nucleic Acids
Res. 30:e47. doi: 10.1093/nar/30.10.e47
Cawthon, R., Smith, K., O’Brien, E., Sivatchenko, A., and Kerber, R. (2003).
Association between telomere length in blood and mortality in people
aged 60 years or older. Lancet 361, 393–395. doi: 10.1016/S0140-6736(03)
12384-7
Diez Roux, A. V., Ranjit, N., Jenny, N. S., Shea, S., Cushman, M., Fitzpatrick, A.,
et al. (2009). Race/ethnicity and telomere length in the multi-ethnic study of
atherosclerosis. Cell Aging. 8, 251–257. doi: 10.1111/j.1474-9726.2009.00470.x
Drury, S. S., Esteves, K., Hatch, V., Woodbury, M., Borne, S., Adamski, A., et al.
(2015). Setting the trajectory: racial disparities in newborn telomere length.
J. Pediatr. 166, 1181–1186. doi: 10.1016/j.jpeds.2015.01.003
Epel, E. S., Merkin, S. S., Cawthon, R., Blackburn, E. H., Adler, N. E., Pletcher, M. J.,
et al. (2008). The rate of leukocyte telomere shortening predicts mortality from
cardiovascular disease in elderly men. Aging 1, 81–88. doi: 10.18632/aging.
100007
Frenck, R. W. Jr., Blackburn, E. H., and Shannon, K. M. (1998). The rate of
telomere sequence loss in human leukocytes varies with age. Proc. Natl. Acad.
Sci. U S A 95, 5607–5610. doi: 10.1073/pnas.95.10.5607
Gardner, M., Bann, D., Wiley, L., Cooper, R., Hardy, R., Nitsch, D., et al.
(2014). Gender and telomere length: systematic review and meta-analysis. Exp.
Gerontol. 51, 15–27. doi: 10.1016/j.exger.2013.12.004
Hansen, T. V. O., Simonsen, M. K., Nielsen, F. C., and Hundrup, Y. A. (2007).
Collection of blood, saliva, and buccal cell samples in a pilot study on the

Frontiers in Aging Neuroscience | www.frontiersin.org

5

December 2017 | Volume 9 | Article 397

Stout et al.

Validation of Telomere Length Measures

smoke exposure on telomere length in children. Am. J. Public Health 103,
133–136. doi: 10.2105/AJPH.2012.301208
Willeit, P., Willeit, J., Kloss-Brandstätter, A., Kronenberg, F., and Kiechl, S.
(2011). Fifteen-year follow-up of association between telomere length and
incident cancer and cancer mortality. JAMA 306, 42–44. doi: 10.1001/jama.
2011.901
Yang, Z. W., Yang, S. H., Chen, L., Qu, J., Zhu, J., and Tang, Z. (2001). Comparison
of blood counts in venous, fingertip and arterial blood and their measurement
variation. Clin. Lab. Haematol. 23, 155–159. doi: 10.1046/j.1365-2257.2001.
00388.x
Zanet, D. L., Saberi, S., Oliveira, L., Sattha, B., Gadawski, I., and Côté, H. C. F.
(2013). Blood and dried blood spot telomere length measurement by
qPCR: assay considerations. PLoS One 8:e57787. doi: 10.1371/journal.pone.
0057787

Frontiers in Aging Neuroscience | www.frontiersin.org

Conflict of Interest Statement: JL is a co-founder of Telomere Diagnostics and
serves on its scientific advisory board.
The other authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest.
Copyright © 2017 Stout, Lin, Hernandez, Davis, Blackburn, Carroll and Glynn.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

6

December 2017 | Volume 9 | Article 397

